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INTRODUCTION



This Appendix presents the data and methods used to reconstruct fiber exposure levels for workers at the O. M. Scott facility in Maysville Ohio.  This Appendix builds on the previous work of Dr. James Lockey et al. investigating possible effects of exposures to dust containing Libby Amphibole (LA) asbestos at the Marysville plant (Rohs et al., 2008; Lockey et al., 1984).



The data used in the original exposure reconstruction and as reported in the published manuscripts, was based on the exposures measurements available at that time (Lockey et al. 1984).  The current exposure reconstruction is based on approximately five times more measurements than were previously utilized in 1980.  These exposure measurements were recently obtained by the U.S. Environmental Protection Agency (EPA) from the company and through trial transcripts from the United States of America vs. W.R. Grace, et al., as well as the archived data used in the 1980 exposure reconstruction.  



DESCRIPTION OF THE EXPOSURE SETTING



Beginning in 1957 and continuing until 2000, the plant in Marysville manufactured a number of lawn care products including fertilizers and pesticides that were bound to a vermiculite carrier as a delivery vehicle.  This is of potential concern because some types of vermiculite contain asbestos fibers, and processing the vermiculite in the workplace may lead to release of asbestos fibers to air where they may be inhaled by workers.  



Vermiculite Sources



Initially (1957-1958), vermiculite ore was obtained from Enoree, South Carolina.  Vermiculite from Libby, Montana, was first used in 1959, and was the predominant source of vermiculite until 1980, when Libby vermiculite use was discontinued (Borton et al. 2012).  Other sources of vermiculite used at the plant included Palabora, South Africa (first used in 1970) and Louisa County, Virginia (first used in 1979).  In 2000, corn cobs were introduced as an inert carrier of lawn care chemicals, and vermiculite usage ended.  



This variation is in vermiculite source is significant because different types of vermiculite have differing amounts and differing types of asbestos content (see Appendix C).  Of the vermiculites used at the Marysville facility, the highest fiber content is observed for Libby vermiculite, with lower levels for South Carolina vermiculite and very low levels for South African and Virginia vermiculites.  Consequently, depending on the time frame when workers were exposed in the Marysville facility, workers may have been exposed to a mixture of fiber types, including not only LA, but other types of fibers as well.  The exposure metrices derived here include all fibers to which workers were exposed.



Vermiculite Processing



Vermiculite was processed at the plant in the trionizing department.  Raw vermiculite ore was delivered in railcars by track and unloaded outside into hoppers for storage before being fed to an expander furnace.   After expansion, a cyclone separated the expanded vermiculite from other material before being dried, crushed and sized by screening.  The expanded material mixed with additives resulted in the final product for lawn treatment to improve turf.  



Because the potential for exposure to fibers released from vermiculite to air depends on the type of activity being performed, exposures in the trionizing department were divided into a number of different jobs, as follows:



· Track

· Blender

· Cleanup[footnoteRef:1] [1:  Since the initial 1980 study, cleanup has been recognized as one of the tasks through which the indoor trionizing workers rotated.  However, no industrial hygiene samples unique to cleanup were initially available and cleanup was previously given the mean value of the other industrial hygiene measurements (Lockey Master Thesis, 1985).  The newly available measurements included samples specified as cleanup and these now form the basis for cleanup exposure estimates.
] 


· Dryer

· Expander

· Feeder

· Mill

· Resin



The track job was further divided into track unload (exposures associated with the actual unloading of vermiculite from rail cars) and track other (exposures that occurred while working in the rail car unloading area at times when unloading was not occurring).



Exposure Controls in the Trionizing Department



A number of exposure reduction efforts in the vermiculite expander operation have been documented.  Engineering controls included the installation of a central vacuum system in 1961.  Increasing use of engineering controls like dust collectors and ventilation began in 1968 to gradually reduce airborne particulate.  Additional improvements such as adding hoods and a bag house to remove dust from the stoner deck exhaust and enclosing vibrating conveyers were implemented in 1970-1973.  A more comprehensive and integrated approach to dust control took place approximately 1975/1976-1980.  A number of engineering controls and work practices were added during these years.  In 1976 a major construction change isolated track unloading activities from the production areas, reducing transfer of particulate into the plant during raw material transfer.  Additional engineering controls included the installation of more roof fans and dust collectors. Work practices focused on increased emphasis on vacuuming rather than dry sweeping and improved sealing of leaks in the vermiculite expanders.  During this time period, routine weekly checks for leaks were initiated by maintenance personnel.  In 1980 wet scrubbers were added to clean air from areas not served by the bag house.



No documentation was discovered of a mandatory respiratory protection program.  Respirators were used only sporadically due to heat in the production area and discomfort during use.  Paper masks were preferred by workers and were often reused from day to day.  There was no documentation of fit testing of the paper masks.  Paper masks may provide some protection against the larger particles, but likely provided little reduction in respirable particles, particularly when reused.  Therefore, no adjustment was made to lower the exposure estimates due to respirator use.



Per focus groups, workers were provided paid work time for required showers at the facility after each production shift beginning in 1961-1962.  Work coveralls were worn routinely and laundered on-site after each work shift starting approximately 1966 per focus group reports.  “Street clothes” were stored during the work shift in locker rooms separated from the production area (Borton et al. 2012).  Consequently, off-site exposures to work-related fibers is not likely to have been significant. 



Other Departments in the Facility



Workers in other departments in the plant where only expanded vermiculite or no vermiculite was used were defined as having “plant background” exposure.  These included the following (Borton et al. 2012):



· Polyform

· Front office

· Research lab

· Pilot plant

· Warehouse

· Packaging



In addition, this included central maintenance and plant maintenance activities in areas outside the trionizing department.  The central maintenance department became a contract service in 1983, and after this date the contract workers were not employees of the plant.  The polyform process started in 1969 and was separate from any vermiculite operations (Borton et al. 2012). 



Other departments included central maintenance and plant maintenance.  Workers in these departments spent part of their time in the trionizing areas and part of their time in plant background areas.  The central maintenance department became a contract service in 1983, and after this date the contract workers were not employees of the plant.

[bookmark: _Toc300061321][bookmark: _Toc301880313]DATA SEARCHES, REQUESTS, AND DOCUMENT SELECTION



Three sources of paper records were identified.  First, sampling reports from OM Scott that included measurements at the facility pre and post1980 were received via the EPA.  These reports contained both measurement results and information about the plant.  OM Scott was also contacted with a request for available maps of the plant layout prior to 1980.  Secondly, archived files from the Lockey et al. (1984) study were identified.  Lastly, as a result of the recent W.R. Grace trial, there was additional discovery of material relevant to the OM Scott plant.  The Department of Justice (DOJ) was contacted for the release of these data.  There were seven 4” binders available for review and every page (approximately 3,150 pages) was scanned visually to identify pages relevant to the current project.  Aspects of particular interest included the manufacturing process, usage and source of raw materials, engineering and design changes in the plant, work practices and exposure assessment methodology.  Approval was received from the DOJ to utilize the relevant data for this project.



[bookmark: _Toc300061322][bookmark: _Toc301880314]DOCUMENT EVALUATION, DATA ENTRY (QUALITATIVE AND QUANTITATIVE), CLEANING, EDITING AND STANDARDIZATION



[bookmark: _Toc300061323][bookmark: _Toc301880315]Qualitative Information



Written reports, letters, memos, and notes contained background information on plant operations.  A total of 1,489 pages were read for potentially useful and pertinent information regarding OM Scott and abstracted into a data file.  From these records, we obtained:



· Plant layout, including changes over time.  This allowed us to associate the descriptions used on air sampling data forms/reports with jobs or departments within the plant.  A limited number of aerial images were available to identify major structures.

· Process descriptions were derived including workers per shift, workers per department, sources of raw materials, and raw material volume in number of railroad cars received, tonnage of railroad cars from Libby and South Carolina, and tonnage of unexpanded vermiculite received.  

· For each department a list of job titles and tasks.



Gaps in understanding were filledin with information gathered from the focus groups, specifically regarding:



· Plant layout and changes over time, including engineering controls,

· Historical pattern of job rotations within department from 1957 to 1980,

· Time spent in work locations at the plant site,

· Overtime associated with departments and season,

· Use/nonuse of respirators.



[bookmark: _Toc300061324][bookmark: _Toc301880316]Quantitative Data



Air sampling reports include quantitative measurement of airborne dust and fiber concentration associated with a department job.  These records were computerized following the data entry scheme provided on June 1, 2009 and approved.  Records were double entered and verified.



Two identical Microsoft Access databases were created for initial and duplicate entry of the quantitative data.  Each individual performing data entry had a unique and separate database to avoid possible data entry confusion.  Variables to be entered have been previously provided.  A random 10% check of entered data was conducted throughout the data entry process to maintain quality of data, to address data entry questions and to resolve potential database issues.  Data entry differences were below 5% throughout the entry process.  



Each record was assigned a document and record identification (ID) number.  The document ID variable was based on data source.  For example, if the data were provided by the EPA from OM Scott then the EPA document ID was used.  Data hardcopies from the EPA, Department of Justice and 1980 University of Cincinnati (UC) data were each numbered starting from 1.  The document ID variable states EPA, DOJ or UC followed by the document number.  Record IDs were generated by using a unique identifier like a sample number for each document.  If a unique identifier was unable to be discerned then the entry personnel was instructed to consecutively number each sample per document starting from one.



A final verification of data entry used SAS version 9.2 PROC COMPARE to import the initial and duplicate Access tables.  Discrepancies were below 5% as a result of the 10% random checks throughout the entry process.  All discrepancies were addressed by reviewing the original document.  The initial and duplicate Access databases were archived.  A copy of the initial database was converted to Microsoft Excel format for ease of standardization and analyses.



[bookmark: _Toc300061325][bookmark: _Toc301880317]Process of Standardization



The standardization process included categorizing entered data into appropriate variable fields, spell checking, identifying duplicate record entry from duplicate documents, merging records for the same sample or measurement, evaluating data for completeness, and categorizing groups of data based on type of sample or measurement.



Data were reviewed and edited to ensure the information was entered into the appropriate data field.  A frequency of the data fields using SAS 9.2 PROC FREQ identified spelling differences and patterns to ensure correct labeling of the data.  Additional data variables were created depending on recognized need to distinguish important pieces of data.  



A new variable called group ID was created to identify, track, and consolidate partial and/or complete duplicate data into one unique sample.   Partial data were identified on a combination of sample date, sample record ID, sample result, volume, sampling time and/or document patterns.  A document pattern would include instances where only a group of sample results were available in one document and another document(s) would match the exact sequence of sample results.



Data were further categorized based on the type of sample.  Categories include dust samples, bulk samples, personal and area fiber samples, limit of detection (LOD) or quantification (LOQ) samples, offsite locations, and time weighted average samples.  Some samples were collected with a direct reading fibrous aerosol monitor, but these were not used as there was no calibration information included in the records.  Thus, only the fiber count data collected with a sampling pump were used.  In addition, group IDs lacking a sample result, sample year or department were excluded.



Personal and area samples were plotted by year and department and found to be visually similar.  In addition the range, means, and standard deviations were approximately equal.  Therefore, personal and area sample data sets were merged and both utilized for the development of the Exposure Matrix.  Group IDs with only LOD or LOQ values were grouped by year and categorized as trionize or background.  In order to assign an estimate for the LOD or LOQ the median value of each group was divided by two and assigned to all samples in that group.  Given the small number of LOD and LOQ samples (n = 35), it is unlikely any detectable bias was introduced using this method.  Time weighted average (TWA) values were not utilized when the individual measurements that comprised the TWA were already available.	Comment by Bbenso02: Compare with F-11.  Wording is different.



Attempts in other studies to convert from total dust to fiber count have relied on similarities in equipment or process where sidebyside samples were collected.  We did not identify any ‘pairs’ of dust/fiber data from this plant.  Moreover, fibers are a minor component of the dust exposure, limiting an ability to find a relationship over time.  Therefore, total dust measurements were not converted to fiber counts and were not used as part of the fiber exposure estimation.



OVERVIEW OF THE EXPOSURE DATA



Sampling and Analysis Methods



Sampling



Collection of industrial hygiene (IH) air samples to determine worker exposure to fibers started in 1972.  Samples were obtained by drawing air through a filter to capture airborne fibers.  Initially, samples were collected either by holding the sampling train and “following the worker” or by placing the sampler at a stationary location.  Personal sampling began in 1976 by using a pump and filter cassette worn by the worker.  Comparisons between area and personal measurement results showed no difference (Borton et al. 2012).



Changes in work practices such as the use of compressed air and brooms for clean up versus the use of wet vacuuming may result in marked decreases in exposure. We discussed work practices in the focus groups, and no remarkable changes were documented.  Participants did note that during some years, sampling practices included leaving pumps in control rooms during high dust activities.  High dust activities included the use of compressed air to remove particulate from surface areas.  We did not find any documentation that high exposure work was excluded from the sampling effort in the industrial hygiene reports.  In fact, in the early years, some activities recorded in the sampling record included reference to compressed air “blow down”, one of the activities associated with potentially high exposures.  Consequently, no adjustment was made for any potentially un-sampled periods from 1972 through 1994 when industrial hygiene measurements were available.



Analysis



Air filter samples were analyzed by a microscopist using phase contrast microscopy (PCM) and the results were expressed as PCM fibers per cubic centimeters (f/cc) of air (Borton et al. 2012).  Fiber counting followed the NIOSH P&CAM 239 and 7400 counting methods.  In these methods, a countable fiber is defined as an elongated particle with a length greater than 5 µm, a diameter less than 3 µm, and an aspect ratio (length/diameter) of 3:1 or greater.  This microscopic technique provides no information on the chemical or crystal structure of elongated particles, and does not distinguish between different types of asbestos or between asbestos and non-asbestos fibers.  



Summary Statistics



As described earlier, the IH data used for exposure reconstruction were obtained from three sources: UC archived records (reported previously by Lockey et al. (1984)), information obtained by the EPA from the company, and from the DOJ documents.  Table F-1 shows that a total of 899 IH samples were available for this analysis.  Most (81%) were collected in the trionizing departments where exposure to vermiculite and fibers tended to be highest, with 19% of the measurements coming from other (background) locations in the plant.   



Table F-2 shows the number of samples stratified by year and by job.  As shown, the first fiber count measurements were available in 1972 and the last in 1994.  Sample collection was not uniform over time, with highest sampling density occurring in 1976 and 1978.



Data Review and Assessment



Figure F-1 provides a graphical display of the IH data from the trionizing department, plotted as a function of time.  Note that the concentration scales are not the same in all panels.  Highest concentrations tended to occur during track unload, feeder, and expander jobs.  Exposure levels in most trionizing jobs showed a general tendency to decrease over time as engineering controls improved and as Libby vermiculite use was discontinued. 



Figure F-2 shows a graphical summary of data from non-trionizing (background) departments and jobs.  In this case, there are no clear distinctions between departments or jobs, so the data are shown without stratification.  One data point (a value of 4.03 f/cc that was identified as having been collected in the lab) was identified as an outlier because it was substantially higher than any other value in the background data set.  This value is not considered to be representative of exposures in background jobs, and was excluded from all further evaluations.  As indicated in the figure, although less dramatic than for the trionizing department, there is also an apparent tendency for background exposure levels to decrease over time.



Figure F-3 plots observed concentrations as a function of sampling duration (the length of time over which air was drawn through the filter).  As seen, there is a clear tendency for samples with the highest concentrations to have the shortest sampling durations, especially for track unload and other trionizing jobs.  This finding is not unexpected, since high concentrations of fibers are expected to occur when dust levels are high, and sampling in high dust conditions must be terminated after a short time to prevent overloading of the filter.  This relationship is of potential significance, however, if high concentration values only occur for a short time.  Ifn this event, worker exposure would not be a simple average of the available IH measurements, but would require time-weighting to account for differing exposure times between high and low concentration samples.  However, no information was located to indicate that worker exposure duration was related to either sampling duration or exposure concentration.  Consequently, all measurements were treated as contributing equally to worker exposure. 



DEVELOPMENT OF THE JOB EXPOSURE MATRIX



General Strategy



A job exposure matrix (JEM) is a table that provides estimated exposure levels in air (f/cc) for workers in each job for each year.  The exposure interval of interest for the Marysville worker cohort begins in 1957 when vermiculite was first used in the plant, and extends to 2000 when vermiculite usage ended.  Because measurements of fibers in the air are available only for the central portion (1972-1994) of the exposure interval of interest (1957-2000), the JEM was constructed in two steps:



Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval.  Exposure levels in 1994 that were derived from industrial hygiene data were assumed to remain constant until 2000.



Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values



Two alternative strategies were used to construct JEMs.  The first strategy, implemented by the University of Cincinnati, was based on the log-transformed data, and the exposure metric provided in the JEM was the geometric mean exposure concentration (Borton et al 2012).  This approach was used because the exposure-response model is non-linear, and use of the log-transformed values helps minimize the effect of measurement error on the regression model (Seixas 1988).  The second approach, implemented by EPA working in consultation with the University of Cincinnati, utilized the un-transformed data, and the exposure metric provided in the JEM was the arithmetic mean exposure concentration.  This approach was used because toxicity values derived by EPA are typically based on the long-term average exposure level rather than the geometric mean exposure level (EPA 1994).  The details of these two approaches are provided below.	Comment by Bbenso02: This is confusing.  What model are you referring to?



Derivation of a JEM Based on Log-Transformed Data 



Trionizing Department 1972-2000 



As noted previously, the trionizing department included jobs from the entry of vermiculite into the plant, through final product.  Jobs included track, screen/mill, dryer, expander, blender, resin, and clean up.  Workers rotated through the various jobs within the department.  Overall rotation among jobs reported in the 1980 Lockey et al. study was verified by the focus groups.  



Plots of the log-transformed IH measurements over time were made for individual trionizing jobs.  Values that were reported as non-detects were assigned a value equal to the detection limit (0.01 f/cc).  Based on these plots, it was determined that all industrial hygiene sample results from the various indoor trionizing production jobs (screen/mill through clean up) followed the same general distribution and should be combined.  The outdoor track job included two very different work activities: unloading rail cars containing vermiculite (track unload) and general track work such as bringing in the rail cars, and monitoring discharge (track other).  The two track job activities (unload and other) had a substantially larger range of sampling results and were treated separately. 	Comment by Bbenso02: This is different from F-7.



In accord with this strategy, the following steps were implemented to derive the geometric-mean based JEM for the trionizing department from 1972 to 2000: 



1. The data were log transformed.

2. For all exposure values for the combined indoor trionizing jobs from 1972-1979, a curve was drawn connecting the mean values of “index years” (1973, 1976, and 1978) having a substantial number of exposure measurements (approximately 40 or more).  Figure F-4 illustrates this curve.  This approach was chosen to assure that stable log-means were used to define the curve over this time period.  For each year, the annual geometric mean exposure estimate was determined by exponentiation of the value from the curve.  The sharp decline seen in exposures throughout this time period parallels the addition of engineering controls including dust collection, enclosing vibrating conveyors, adding ventilators, erecting a wall between the railroad track and trionizing and the main building, and sealing leaks in the system.  As values for 1980−1994 were similar and near the level of detection, the geometric mean value for all the samples was used and then extended until 2000.

3. The measurement results for track unload and track other were plotted and a straight line produced to best fit the data points.  An estimate of geometric mean exposure at each year was determined by exponentiation of the value on the line for that year.  	Comment by Bbenso02: Earlier version identified the best fit linear function in Microsoft Excel.

4. For the trionizing department, it was estimated that 11% of work time was spent in track and 89% in all other jobs.  This is consistent with the previous weights used in the 1980 Lockey study and confirmed by the focus group.  

5. The Focus groups reported that when working track, track unload required about 25% of the time and track other comprised about 75% of the track job time.  Therefore, a weighted average for exposure at track within the trionizing department was derived.  This 25% time estimate for track unload is higher than that previously published (Lockey et al., 1984).



Trionizing Department 1957-1971 



Estimation of exposure values in the trionizing department before 1972 required consideration of two factors:  changes in dust levels over time due to the effects of dust control measures in the department, and changes in the vermiculite source material used.



Adjustment for Changing Indoor Dust Levels



As noted above, a graphical display of IH concentration values for indoor trionizing jobs indicated that all samples generally followed the same pattern: higher in the early years of industrial hygiene sampling, and declining gradually over time.  Further, from the focus groups, we learned that no one, single engineering change resulted in a dramatic reduction in the perception of dustiness in the plant.  Thus, the workers’ recollections supported the findings from the industrial hygiene data demonstrating a gradual decline in levels of exposure rather than a dramatic step wise drop due to any one engineering change.	Comment by Bbenso02: Is a repeat of this information necessary?

  

Focus group workers who had worked in the trionizing department prior to 1972 reported that dust exposures in indoor trionizing jobs were at least two times higher in the 1960’s.  Based on this, the estimate from the focus group of “twice as high” was generated beginning from 1972 and increasing until 1967.  The year 1972 was used as the start of the “gradual” retrospective increase in exposure back to 1967 as 1972 was the first year when industrial hygiene measurements were available, and the percent Libby vermiculite utilized was 93%.  The year 1967 was selected as this was the year preceding engineering controls.  Accordingly, a line was drawn to connect these two points (see Figure F-4).  Prior to 1967, exposure was extended backward in time, assuming no change in dust levels from the 1967.

 

In contrast to the indoor trionizing jobs, the track unload and track (other) jobs were outdoors and were likely unaffected by indoor plant engineering controls.  Hence, estimates for fiber exposure levels for track duties were not adjusted for a time-dependent change in dust levels.



Adjustments for Vermiculite Raw Material Sources



Two primary sources of information were located regarding vermiculite sources in the 1957-1972 timeframe:



· An internal UC document from the 1980 study with estimates of railroad car loads delivered to the plant per year.  Documents indicate railroad cars from Libby were 100 ton cars and from South Carolina 70 ton cars.



· The Chamberlain memo provides information regarding vermiculite sources for 1964−1972 in railroad car loads per year.



Per the UC document, 100% South Carolina vermiculite was estimated to be used from 1957−1960.  Per the Chamberlain memo, Libby vermiculite began arriving in 1960.  Focus groups placed it earlier, in 1958 or 1959.  We believe there is sufficient evidence to support a 1959 start date for Libby vermiculite with 1957 and 1958 assumed to be 100% South Carolina vermiculite. 



Documentation was found from the original 1980 UC documents indicating an estimated Libby tonnage contribution of 32% from 1959−1963.  These percentages for 1959−1963 were adopted for use in this project.  After adjusting for the difference in rail car sizes, the Chamberlain memo indicates that Libby tonnage usage increased from 57% in 1964 to 73% in 1965 to 92% in 1966.  Table F-3 summarizes the distribution of unexpanded vermiculite sources received at the plant between 1957 and 1971.  



To develop the relationship of fiber levels between South Carolina and Libby vermiculite, samples that recorded a 100% of either source for vermiculite were identified.  Two jobs with a higher number of samples from the same year from each source were used to establish the relationship: track unload for 1977 and expander for 1978.  The samples used included 22 Libby track unload, 8 Libby expander, 17 South Carolina track unload, and 7 South Carolina expander.  A weighted average of these samples generated a 10:1 fiber count ratio for Libby:South Carolina vermiculite.  This ratio was used for estimating the proportion of Libby versus South Carolina fiber exposure levels from 1959 to 1971.



Exposure Estimates for Non-Trionizing Departments 



As noted above, departments using only expanded vermiculite or no vermiculite were defined as having “plant background” exposure.  These included the departments of polyform, plant maintenance, office, research, pilot plant, warehouse, central maintenance, and packaging.  This decision was based on plots of available sampling data showing similar levels, and qualitative reports documenting that there were not fibers in the finished product.



Plant background exposure concentrations prior to 1972 were estimated using similar methodology as for the trionizing department.  It was assumed that background levels were not affected by engineering control as in trionizing, but were influenced by the percent of Libby vermiculite used.  Therefore, for the years prior to 1972, the measured plant background rate in 1972 was adjusted only for the yearly percent Libby vermiculite utilized.  The two years prior to Libby vermiculite usage, 1956 and 1957, were assigned level of detection (0.01 f/cc).  This is in line with industrial hygiene measurements post Libby vermiculite usage through 1994.



Background exposure estimates derived as described above were applied to workers in polyform, office, research, pilot plant, warehouse, and packaging.



  Because maintenance workers spent some time in the trionizing department as well as in background areas, the values for these workers were adjusted as follows: 



· Plant Maintenance—Although there were some differences of opinion in the focus group regarding where plant maintenance spent their time, the consensus reached was to assign approximately 50% of time in trionizing and 50% in areas defined as plant background for their work in shop and other departments. 

· Central Maintenance—According to the focus group, these employees worked outside of trionizing for about 90% time (background) and 10% (trionizing) for installation of new equipment/parts.  Around 1982 central maintenance department was discontinued, and the work was contracted to outside personnel.  



Results:  JEM Based on Geometric Mean Exposure Levels 



Table F-4 illustrates the fiber exposure matrix from 1957 to 2000 using this methodology.  Exposure concentrations represent the geometric mean exposure level, by job and by year.	Comment by Bbenso02: There are two Table F-4s in the attachments.  Which one do you want to use?



Derivation of a JEM Based on Un-Transformed Data 



The basic approach used by EPA for deriving a JEM based on the un-transformed data was generally similar to that used for the log-transformed data, with the following exceptions:



· Non-detects were assigned a value of zero rather than the detection limit (Cameron et al. 2007, Haas et al. 1999, EPA 1999, EPA 2008)

· The IH data were fit to mathematical models to characterize time trends, rather than using interpolation between “index years”

· Indoor trionizing jobs were modeled individually rather than combining into one data set



The details of this approach are described below.



Fitting Available Industrial Hygiene Data from 1972-1994  



Trionizing Department Data



As noted previously, industrial hygiene data collected in the trionizing department between 1972 and 1994 were classified as being associated with nine different types of jobs (blender, cleanup, dryer, expander, feeder, mill, resin, track other, and track unload).  Table F-5 provides summary statistics for these trionizing jobs.  All values are shown to two significant figures.



As indicated, mean exposure levels vary between jobs, and also tend to decrease over time.  Because there are insufficient data to calculate a reliable estimate of the arithmetic mean exposure level for each job for each year, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Several different modeling approaches were evaluated, as described below.  



Fitting Method 1:  local regression (LOESS)



To investigate the form of the regression curve relating sample concentrations to date of sample, a flexible non-parametric fitting method was implemented using the SAS procedure PROC LOESS (SAS for Windows, Version 9.3).  The procedure was implemented by sequentially fitting linear functions of time to “windows” of concentration values within a chosen radius (time span) of each concentration value, and then drawing a smooth LOESS curve through the fitted values.  Fitting was performed by weighted least squares.  The same radius was applied to each window for a given data set.  A “smoothing parameter” determined the radius of the fitting windows.   The optimum smoothing parameter was determined by a grid search, in order to identify the value that minimized the Akaike Information Criterion with Correction (AICC1), a criteria for determining model fit.



These non-parametric plots generally reflect a decrease in exposure over time with steeper decline in the mid-1970’s followed by a shallower decline in later years.  As shown in Figure F5, a smooth fit was obtained for indoor trionizing jobs, but the results were quite erratic with large variability for other jobs.  This variability was judged to be related to variations in the amount of data available over various time windows rather than to authentic variations in concentration.  On this basis, the LOESS approach was not pursued further.  However, the results did suggest that exponential models could be a reasonable parametric form.



Fitting Method 2:  Exponential Models with Job-Specific Slopes



The second fitting method that was evaluated assumed a nonlinear regression model to describe the relationship between fiber concentrations and time. At time t, it was assumed that    



C(t)= μ(t) + et



where μ(t) = mean of C(t) at time t, and et is a normally distributed error term with mean 0.



A two parameter exponential function was used to model mean fiber concentration at time t:



μ(t) = a ∙ exp (-b ∙ t)	 a>0, b>0



The intercept parameter (a) and the slope parameter (b) were expressed in terms of exponentiated functions [a = exp(a0), b = exp(b0)] to guarantee that a, b, and μ(t) could only take on positive values.  Time t was coded as number of years from 1/1/1970 (an arbitrary frame of reference) to the date of sampling to facilitate model convergence.	Comment by Bbenso02: I am still confused by this nomenclature.  Is b an exponential of an exponential?



When the data were grouped by job and by year, a plot of variance versus mean concentration revealed that variance between samples tended to increase as mean concentration increased.  Different models for the variance function were tried, including several 1-parameter power functions, and a 2-parameter model in which a smaller mean had less variability than a larger mean.  Model convergence was consistently achieved with a power function model. Consequently, the variance of the error term was modeled as a power function (θ) of the mean fiber concentration at time t, multiplied by a scale parameter σ2 reflecting the overall level of precision in C(t) (similar to σ2 in ordinary linear regression):



Var{C(t)}= σ2 . μ(t)θ  



The parameters in the regression model were estimated by iteratively reweighted least squares (IRWLS).  In IRLWS IRWLS, estimates of the mean and the variance are alternately updated until convergence.  The value of the variance parameter θ was obtained by manually specifying each of several values, ranging from 0.1 to 2.  Post hoc sensitivity analyses were performed in which other values of θ were individually analyzed and convergence of the model with the chosen θ was confirmed. Results showed that a power of the mean model with θ~1, allowed model convergence for all areas.  After model parameters were estimated, σ2 was estimated by calculating the mean-squared error (MSE), equal to the weighted sum of squared deviations of observed minus mean concentrations, divided by the sample size minus number of parameters (2 for this model).  The weights were equal to the inverse of mean concentration to the power θ at each time.  Analyses were implemented using the SAS procedure PROC NLIN (SAS for Windows, Version 9.3).  



When each job was fit individually, most yielded reasonable fits (see Figure F-6).  However, cleanup and blender yielded fits in which predicted concentrations for 1972-1973 were substantially higher than could be justified with known information about the manufacturing process.  These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were considered to be unreliable.  On this basis, this approach (use of independent parameters for each job) was not pursued further.



Fitting Method 3:  Exponential Models with Common Slopes for Grouped Jobs



In order to avoid the unrealistic results generated when each job was allowed to have a separate slope term, a strategy of grouping jobs expected to show a similar rate of decline in airborne fiber levels was employed to obtain more reliable and realistic fits.  Based on the expectation that the rate of decline in average exposure level was likely to be similar for trionizing jobs in the same general area, the trionizing jobs were grouped into two categories: jobs located inside the trionizing building (indoor trionizing jobs) and jobs located in the railroad yard (outdoor trionizing jobs).  Indoor jobs included blender, cleanup, dryer, expander, feeder, mill, and resin, while outdoor jobs included track unload and track other.



For each group, the data were fit to the model, requiring the slope parameter (b) to be the same for all jobs within the same group.  Results are displayed in Figure F-7.



Fitting Method 4:  Segmented Exponential Models



The fourth approach evaluated was similar to the third approach, except that the data were divided into two or three time segments, with different exponential curves fit to each segment.  This approach was based on the expectation that the rate of decline in average exposure levels in the trionizing department was related to the timing and effectiveness of various engineering controls.  As discussed previously (see Section F.2), a number of different engineering controls were installed over time, with the largest decreases in dust level tending to occur in the 1976 to 1980 time frame.  After 1980, Libby vermiculite was no longer used, and exposure levels tended to be low and relatively constant.  Based on this, for indoor trionizing jobs, the data were fit using a three-segment approach, with the time segments being defines as follows:



	Segment 1:  Prior to 1/1/1976

	Segment 2:  1/1/1976 to 12/31/1980

	Segment 3:  1/1/1981 and after



As noted previously, it is not expected that engineering controls installed to reduce indoor exposures in the trionizing department would have significant impact on the outdoor exposure levels, so outdoor trionizing jobs (track other and track unload) were fit to a two-segment model, with the break point between segments occurring at 1/1/1981, when Libby vermiculite was no longer used.  Results are shown in Figure F-8.



Selection of the Preferred Fitting Approach



In choosing between fitting Strategy 3 and fitting Strategy 4, two factors were considered:  statistical goodness of fit of the model, and consistency with the general understanding of the impact of engineering controls at the Marysville facility.



The goodness of fit of the estimation model was determined by calculating the mean squared error (MSE), where MSE was calculated as the sum of the squared derivations between observed and predicted values (SSE) divided by n-p, where n is the number of data points and p is the number of model parameters.  For both indoor and outdoor jobs, the segmented approach was more accurate than the un-segmented approach (Strategy 3), as shown in Table F-5:	Comment by Bbenso02: Best fit?



Table F-5.  Fitting Statistics for Trionizing Jobs

		Data Set

		No. of 

Segments

		MSE



		Indoor

		1

		5.80



		trionizing

		3

		5.08



		Outdoor

		1

		33.6



		trionizing

		2

		31.5







In addition, a segmental approach is consistent with the approach used by the University of Cincinnati for fitting the log-transformed data, and this approach is consistent with the available information regarding the implementation and effectiveness of various dust control techniques in the trionizing department.  Hence, it is considered that the segmented approach better represents changes over time, even though the model is somewhat more complex (more parameters) that the continuous model approach.  For these reasons, the segmented fits were selected for use in calculation of the arithmetic mean based JEM for trionizing jobs.  Model parameters and confidence intervals for the preferred models are shown in Table F-6.



Calculation of Job-Weighted Average Exposure Within the Trionizing Department



As discussed previously, workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job during each work cycle, including equal time at each of the two dryer locations.  When working at the outdoor track job, about 25% of the time was spent at track unload, and 75% was spent at track (other).  Based on this, the following, job-weighting factors (JWFs) were computed:



Table F-7.  Job-Weighting Factors for Trionizing Department Workers

		Indoor

		Outdoor



		Blender

		Cleanup

		Dryer

		Expander

		Feeder

		Mill 

		Resin

		Track Other

		Track Unload



		0.111

		0.111

		0.222

		0.111

		0.111

		0.111

		0.111

		0.083

		0.028







The job-weighted average exposure across all jobs (j) for each year (t) in the trionizing department was then calculated as:



Job-Weighted average (t) = 



where C(j,t) = exposure concentration while working at job “j” in year “t”.



Data for Other Departments (“Background”)



As discussed previously, industrial hygiene measurements in locations where only expanded vermiculite or no vermiculite was used were defined as having “plant background” exposure.  These included measurements in polyform, office, research, pilot plant, warehouse, and packaging.  In addition, this included central maintenance and plant maintenance activities in areas outside the trionizing department.  Measurements of fiber in air from these departments tended to be relatively low, with little distinction among departments.  Therefore, data for all background jobs were combined and fit as a single data set.  



Both the non-segmented and two-segment exponential fitting strategies were tested for the background data set.  Of these, the two-segment exponential was selected as being most appropriate because this approach better reflects known changes in process, and because the mean square error was lower than for the non-segmented model:



Table F-8.  Fitting Statistics for Background Jobs

		Data Set

		No. Segments

		MSE



		Background

		1

		0.020



		

		2

		0.018







Figure F-9 shows the two-segment exponential fit for the background data set.	Comment by Bbenso02: Need a paragraph describing how values were obtained for the maintenance workers.



Estimation of Exposure Levels from 1957 to 1971 



Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was performed as described previously (see Section F6.2).  In brief, the extrapolation was based on a consideration of relative dust levels as well as the relative amounts of vermiculite from Libby or South Carolina, and the relative asbestos content of these types of vermiculite.  The basic equation used for extrapolation is as follows:



	

	



where:



Cj,y = 	Extrapolated fiber concentration for job “j” for year “y”

Cj,1972 = Estimated concentration of fiber in job “j” for 1972

Dust ratioj,y = estimated ratio of dust in air for job “j” in year “y” compared to dust level in 1972

FL = 	Fraction of vermiculite derived from Libby in year y

FSC = 	Fraction of vermiculite derived from South Carolina in year y

k =	Estimated relative concentration of fiber in South Carolina vermiculite compared to Libby vermiculite



As discussed previously (see Section F6.2.2), for the indoor trionizing jobs, the dust ratio in 1967 was assumed to be twice as high as in 1972, decreasing linearly over this time window.  For all background and track jobs, the dust ratio was assumed to be 1:1.  Data on the relative amounts of vermiculite from Libby and South Carolina were derived from company records (see Table F-3, above), and the relative asbestos content of Libby vermiculite to South Carolina vermiculite was estimated to be 10:1.  Based on these values and estimates, extrapolation factors were calculated as summarized in Table F-9.



Results:  JEM Based on Arithmetic Mean Exposure Levels



As described above, IH measurements from the plant were used to estimate yearly arithmetic mean exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.  Table F-10 provides the job-exposure matrix developed using this methodology.



Selection of the Preferred JEM 



In occupational epidemiology and industrial health studies, evaluations of worker exposure are often based on estimates of the geometric mean exposure concentration (Seixas 1988).  However, EPA traditionally employs the arithmetic mean exposure level in computing exposure and risk (EPA 1994,  maybe BMDS guidance also ??), and toxicity values employed by EPA in risk quantification are based on arithmetic mean exposures.  For this reason, EPA determined that the JEM based on un-transformed data (as described in Section F6.3) is the most appropriate for use in calculating cumulative worker exposure, as described in the following section, and for use in deriving the RfC.	Comment by Bbenso02: I don’t think there is anything helpful in BMDS guidance or in the new version of the exposure guidance.
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Overview



In most occupational studies of worker exposure to asbestos, cumulative exposure is expressed in units of f/cc-yrs, which is calculated as the product of average exposure concentration at work (f/cc) and the number of years at work.  Implicit in this calculation is the understanding that workers work 8 hours per day and 5 days per week.  To convert the cumulative exposure value for a worker to one that is applicable to an individual with continuous exposure, and to account for differences in breathing rate (10 m3 per 8 hr workday = 1.25 m3/hr in the occupational setting vs 20 m3/day = 0.8333 m3/hr in the non-workplace setting), the occupational cumulative exposure value is usually adjusted (multiplied) by the following adjustment factor (IRIS 2012):	Comment by Bbenso02: I prefer the citation to the 1994 Inhalation Dosimetry document.











In the case of the Marysville cohort, a more complex adjustment is needed to convert from workplace exposure to continuous exposure because employees at the Marysville plant often worked extended work schedules, both in terms of hours per day and days per week, and these schedules depended on the time of year (season), due to seasonal variations in product demand.



Seasonal Schedule Adjustment Factors



Based on an understanding of plant operations, six departments were identified that had a unique set of season-specific exposure parameters (hrs/day, days per season):



1. Trionizing (including track and track unload)

2. Plant maintenance

3. Central maintenance

4. Polyform

5. Background (office, research, pilot plant)

6. Background with extra time (warehouse, packaging)



For each of these departments, a seasonal adjustment factor was calculated using the following general equation:



where:

ETd,i = exposure time (hrs/day) in department “d” during season “i”

EDd,i = Number of days worked in department “d” during season “i”

Ni = Number of days in season “i”



For each worker, the date of any job change between these six departments was adjusted so the change occurred at the starting month for the nearest season.  Department-specific and season-specific values of ET, ED and N are provided below, along with the corresponding seasonal adjustment factors.



Trionizing, plant maintenance, polyform, warehouse, and packaging



Spring  

Season = January 1 to May 31

N = 151.25 days (includes 0.25 days to account for leap years)

Work schedule = 7 days/week, 12 hrs/day, with New Years’ Day off

ED = 151.25 – 1 = 150.25

ET = 12 hrs/day

Seasonal adj. factor = (1.25 / 0.8333) * [12/24 * 150.25/151.25] = 0.7450



Summer

Season = June 1 to August 31

N = 92 days

Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation

ED =  92 * 5/7 - 10 = 55.71 days

ET = 8 hours/day

Seasonal adj, factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028



Fall

Season = September 1 to December 31

N = 122 days

Work schedule = 5 days/week, 12 hrs/day plus 2 days/week, 8 hrs/day, with Christmas Day off

ED1 = 121 days * 5/7 = 86.43 days

ET1 = 12 hours/day

ED2 = 121 * 2/7 = 34.57 days

ET2 = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [12/24*86.43 + 8/24*34.57]/122 = 0.6730



Office, pilot plant, research, and central maintenance

 

Spring

Season = January 1 to May 31

N = 151.25

Work schedule = 5 days/week, 8 hrs/day, with New Years’ Day off

ED = 150.25 days * 5/7 = 107.32 days

ET = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 107.32/151.25] = 0.3548



Summer

Season = June 1 to August 31

N = 92 days

Work schedule = 5 days/week, 8 hrs/day, with 2 week summer vacation

ED = (92 -14) * 5/7 = 55.71 days

ET = 8 hours/day

Seasonal adj. factor = (1.25 / 0.8333) * [8/24 * 55.71/92] = 0.3028



Fall

Season = September 1 to December 31

N = 122 days

Work schedule = 5 days/week, 8 hrs/day, with Christmas Day off

ED = (122 – 1) * 5/7 = 86.43

ET1 = 8 hours/day

Season adj. factor = (1.25 / 0.8333) * [8/24 * 86.43/122] = 0.3542



In summary, the seasonal adjustment factors are as follows:
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		Departments

		Spring

		Summer

		Fall



		Trionizing, plant maintenance, polyform, warehouse, packaging

		0.7450

		0.3028

		0.6730



		Office, pilot plant, research, central maintenance

		0.3548

		0.3028

		0.3542









Calculation of Cumulative Human Equivalent Exposure Concentration (CHEEC)



Given the department-specific seasonal adjustment factors, the cumulative human equivalent exposure concentration (CHEEC) for each worker is calculated as follows:







where Cd,i is the concentration of fibers in air in department “d” where the worker worked during season “i”, and the sum is calculated across each season that the worker is exposed.



Verification of the Calculations



To verify the accuracy of the CHEEC calculations, several quality control checks were conducted.  The distribution was evaluated by reviewing the mean, median, standard deviation, highest 10 values, and lowest 10 values.  Several workers were also randomly selected and their values hand-calculated to ensure all programming was appropriate.
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